Introduction
Abdominal surgical interventions are applied for the treatment of benign and malignant diseases under urgent and elective conditions. Although laparascopic abdominal interventions are widely preferred currently, laparatomy has been used frequently as well. The term redo-laparatomy or re-laparatomy is used for the laparotomies performed within 60 days following the primary surgery. Redo-laparatomies may be performed urgently, electively, planned or unplanned (1).
In our study, redo-laparatomies performed within 10 days following the initial surgery were described as urgent redo-laparatomies. Urgent abdominal redolaparatomies (UARLs) have been conisdered as complicated and last option operations. The rates of mortality and morbidity of UARLs are quite high (2) .
UARLs are generally performed due to the complications observed after the initial operation. The most common indications for UARLs include anastomosis leaks, intra-abdominal abscess, peritonitis, mechanical intestinal obstruction, intraabdominal hemorrhage, intestinal necrosis and intraabdominal organ injuries (2) .
Patients indicated for UARLs generally have a critical health situation. UARLs are still the most important step of the treatment for these patients (1, 3) . The mortality rates vary between 50 and 100% in cases with peritonitis that cannot be taken under control, namely those with spesis and multiple system organ failure (4, 5) .
UARLs may be peformed as on-demand surgery and planned. In planned UARLs, laparatomy is performed with pre-determined time intervals and thus the clinical situation is considered (6) .
Both planned and on-demand surgeries are performed in the clinical centers in our study. UARLs may be performed once or multiple times according to clinical need. Although UARLs are widely used, studies investigating the factors that affect mortality in patients undergoing UARLs are limited in number. We believe that a good analysis of the factors that affect mortality and avoiding these factors would reduce mortality rates after UARLs. The aim of this study was to investigate the factors that affect mortality in patients undergoing UARLs, and to analyze the common indications and operativedemograhic-clinical characteristics in UARLs.
Material and Methods
Our study was designed as a retrospective, observational and multi-centric study. A total of 155 patients undergoing urgent, unplanned redolaparatomy among 2,830 patients undergoing abdominal surgery between January 2005 and July 2016, were included in the study. The participants were those who had undergone redo-laparatomy within 10 days following the initial surgery.
Two separate clinical centers were included in the study. The data obtained from all clinics were collected in a common electronic database. The data of the patients were obtained from the files and computer records according to the study protocol prepared previously by the study group.
In order to homogenize the data, the inclusion criteria were kept limited. Patients undergoing thoracoabdominal surgery, laparascopic surgery as the primary surgery and transplantations, those who had not undergone urgent redo-laparatomy, obstetric and pediatric patients, and patients treated via only interventional radiology or endoscopic interventions were excluded from the study.
Patients undergoing interventional radiology or endoscopic interventions prior to or after UARLs were not included either. Besides, superficial procedures not undergoing anesthesia were excluded from the study. The demographic characteristics, laboratory studies, radiographic examinations, operative reports, presence of concomitant adherent diseases such as malignancies, primary surgeries, postoperative complications, presence of multiple system organ failure, causes of mortality, clinical situations related to UAR, blood transfusions, duration of stay in emergency unit, duration of hospital stay, the interval between the laparotomies and the number of UARLs performed, were investigated.
The relations of the demographic and clinical factors with the mortalities of primary surgery and multiple UARLs were analyzed. The decision of UARLs were made according to the clinical situation of the patient, to radiological imaging results and to the laboratory findings.
The patients were followed-up for a minimum of 2 months following the operation, and mortalities in this period were included in the analysis. Information on the operations and follow-up were provided by the surgeons who performed the primary operations and UARLs when necessary. The operations were performed by general surgeons experienced in gastrointestinal system surgeries.
The centers involved in the study are high volume and provide intensive care and surgery services at similar levels. General surgeons at centers participating in the study have a similar approach to primary and redo surgical decisions. All centers use the same diagnostic tools in UARLs decision. The antibiotics and inotropic agents administered to patients were determined in a multi-disciplinary manner according to the needs of the patients. This study is registered at researchregistry.com by the number ID researchregistry1778
Statistical analysis
All statistical analyses are conducted by a statistician. Distribution of categorical factors (such as comorbidities, presence of blood transfusion, etc.) among mortality and no-mortality groups were compared by Chi-square tests. Mortality and nomortality group means for the continuous variables (such as age) were compared by T-test. P-values less than 0.05 were considered as statistically significant. All statistical analyses were conducted by SAS/STAT version 9.3 (SAS Institute, Inc, Cary, North Carolina, USA)
Results
A total of 155 patients undergoing UARL were included in the study. The median patient age was 63 (49,76). The ratio of female to male was 61/94 (0.64). The initial operations were urgent in 74 % of the patients. The number of redo-laparatomies was found to be 1.18±0.58 per patient. The median days (25%,75%) interval to first redo-laparatomywas 5 (2,7). The number of total comorbidity was 104. The most frequent comorbidity was heart disease with 50 (44%) patients ( Table 1 ). The most frequent cause of UARLs was peritonitis in 62 (40%) patients, and the second most frequent cause was abscess in 26 (16.7%) patients. UARLs were performed with more than one indication in 17 (10.9%) of the patients. The decision of UARL was most frequently made via Physical examination in 139 (56 %) patients. In 93 (60%) of the patients, UARL wad decided using more than one tool ( Table 2 ).
The site of index surgery included the Biliary tract and gallbladder in 44 (28%) patients, colo-rectal in 34 (22%) and the small bowel in 31 (20%) patients, respectively. B group operations (Major surgery) were most frequently performed according to the classification of surgery in 114 (74%) patients. 137 (89%) patients had only one UARL, whereas 4 (3%) patients had over 3 redo-laporatomy (Table 3) Mortality was observed in 42 (27%) patients. The most frequent causes of mortality were sepsis and multi-system organ failure in 23 (53.4%) patients. This was followed by Respiratory failure and pneumonia in 8 (18.6%) patients. The relationship between the number of redo-laparotomy and mortality was found to be significant (p=0.04). Besides, a significant correlation was observed for blood transfusions, the number of redo-laparatomies, age, site of index surgery and classification of surgery (p<0.05).
No significant relationship was observed between comorbidity, elective or emergency operations, indication at redo-laparotomy and mortality (p>0.05).
No significant difference was observed between male and female patients with respect to mortality (P=0.85) ( Table 4 ).
Primary abdominal closure was performed on 118 (76%) patients subsequent to presumed source control. Secondary abdominal closure via mesh, and Bogota bag were performed on 37 (24%) patients. 46 (29.6%) patients recieved critical care support.
28 (18%) patients recieved ventilator support (over 48 hours). 30 (19.3%) patients recieved total paranteral nutrition support. All patients received paranteral antibiotics. 
Discussion
UARLs are generally performed due to the complications observed following the initial operation. Anastamosis leaks, intra-abdominal abscess, peritonitis, mechanical intestinal obstruction and intraabdominal hemorrhage are the main indications for UARLs. The incidence of UARLs varies according to the initial operations. The incidence of UARLs has been reported as 1-4.4% in different studies (2, 7, 8) . In our study, the incidence of UARLs was 5%.
Different clinical centers report different orders for the frequency of causes of UARLs. In the study of Unalp et al., the most frequent causes of UARLs were intestinal repair or anastamosis leaks in 51.85% of the patients, followed by intra-abdominal hemorrhage in 18.51% and intra-abdominal abscess in 9.87%. Koirala R et al. , have reported intra-abdominal hemorrhage, intraabdominal abscess and collections as the most frequent causes of UARLs in 34.2% and 29.6% patients, respectively (1,2). Koirala R et al. have related the high rate of inta-abdominal hemorrhage in their study to the high rate of hepatic and pancreatic surgeries (2). In our study, UARLs were most frequently performed due to peritonitis in 40 % of the patients, intra-abdominal hemorrhage in 13.5%, intra-abdominal abscess in 16.7 % and mechanical intestinal obstruction in 13.5 %. Intraabdominal abscesses are common. Residual intraabdominal abscesses may be observed in gastrointestinal perforations or following the surgical treatment of acute appencitis. Intra-abdominal abscesses may additionally be observed in anastomosis leaks of the gastrointestinal system. The majority of intra-abdominal abscesses may be drained by interventional radiology. However, in presence of diffuse intra-abdominal abscess, in situations where generalized peritonitis accompanies the abscess and where drainegae is technically impossible, surgical drainage may be preferred. In our stuy, patients for whom intra-abdominal abscess drainage could not be performed by interventional radiology were evaluated. Thus, the rate of intra-abdominal abscess-related UARLs were found to be high. Intra-abdominal hemorrhages form the first order in patients who had undergone multiple UARLs in our study, with a rate of 13.5%. The cause of increased intra-abdominal hemorrhage in initial UARLs may be related to insufficient hemostasis, impaired coagulation in patients, insufficient amount of coagulation factors and massive blood transfusion.
UARLs were most frequently performed following biliary tract and gallbladder surgery in our study, with a rate of 28%. The most frequent causes of UARLs in biliary tract and gallbladder surgery were found to be intra-abdominal hemorrhage and biliary leaks, respectively. The high rate of initial biliary tract and gallbladder surgery was believed to be related to the increase in the number of UARLs. Furthermore, studies report high rates of intra-abdominal hemorrhage and anastomosis leaks following pancreas surgery (9, 10) . Increased rates of UARLs may be related to the increased rate of complications. The most frequent causes of UARLs in patients undergoing colo-rectal surgery were found to be anastamosis leaks, intra-abdominal abescess and peritonitis, respectively. In a study evaluating relaparatomies, the colon was reported to be the major source of intra-abdominal infection leading to peritonitis (11) . Anastomosis leaks, intra-abdominal abescess and peritonitis were mostly observed in patients undergoing colorectal surgery in our study.
UARL was performed due to anastomosis leak in 7 % of the patients in our study. The most frequent anastomosis leaks were observed in colo-colic, colorectal, oesophago-jejunostomy and pancreaticojejunostomy anastomoses, respectively. The last anastomosis leak was observed in the anastomoses performed between the small intestines. Anastomosis leaks lead to generalized peritonitis, sepsis, fluid and electrolyte loss, multi-system organ failure, and may result in death. In some studies, high mortality rates have been reported following UARLs performed due to peritonitis. On the other hand, there are studies reporting reduced mortality rates following planned re-laparatomies since they provided effective irrigation and drainage (11) (12) (13) (14) . Consideration of UARLs has been suggested in the treatment of uncontrolled intra-abdominal infection and multisystem organ failure (15) .
Mortality was mostly observed in relation to multisystem organ failure and sepsis developing following anastomosis leaks in our study. Despite multi-redolaparatomies performed on the patients, high mortality rates were encountered. In the study of Sautner T et al., re-laparatomies performed on patients with abdominal sepsis were reported to increase the inflammatory response, and the increased inflammatory response was reported to increase the mortality rates (12) . In another study, re-laparatomy was reported to change the multi-system organ failure into an irreversible situation when the treatment to be performed with re-laparatomy was not properly selected (16) . Purulant, fecal and biliary peritonitis may continue at a rate of 9-41% despite redolaparatomies (17) . The reason for the sepsis and mortality that could not be controlled despite UARL in our study may be the peritonitis, increased inflammatory response and insufficient surgery in the first UARL.
In addition to the sufficient surgical treatment in UARL, the timing of the surgery is also important. A delayed surgical intervention on the intra-abdominal septic focus may lead to sepsis and multi-organ failure. Therefore, early diagnosis and treatment will reduce the mortality and morbidity (7, 18) . Mortality rates may be reduced from 46% to 26.5% with early diagnosis and treatment (19) . In our study, the Median interval to first redolaparatomy was 5 (2,7) days in patients without mortality; it was 4 (2,6) days in patients with mortality. The difference between the two groups was not statistically significant. Despite the advances in the surgical techniques and intensive care conditions, the mortality rates after UARLs have been reported to be as high as 61.5 % (1). In a study evaluating UARLs, the mortality rate was found to be 33% (2) . It was reported to be 37.03% in the study of Unalp et al. (1) . In our study, the mortality rate was 27%. Our findingis consistent with the findings in the literature.
Ching SS et al. have classified the risk of mortality in UARLs as low, moderate and high. Accordingly, wound separation was in the low risk group, and anastamosis leaks were in the high risk group (9) . Unalp et al. have reported mesentery artery embolus, intestinal perforation and anastomosis failure in the high mortality risk group, and intra-abdominal infection and abscess in the moderate and low risk groups, respectively (1). Koirala R et al. have reported intra-abdominal hemorrhages as diseases with the highest mortality (2). In the same study, fecal fistula without evidence of anastomotic failure was reported to be the disease with the lowest mortality. In our study, sepsis and multi-system organ failure was the most common cause of mortality with a rate of 53.4 %. It was followed by respiratory failure and pneumonia with a rate of 18.6 %, and respiratory failure and intraabdominal hemorrhage at a rate of 9.3 %. However, no significant relationship was observed between the indication for redo-laparotomy and the mortality (p=0.54).
High mortality rates have been reported in UARLs performed subsequent to gastrointestinal system surgeries (20) . Mortality rates were high among patients undergoing gastrointestinal system surgeries. Significant relationship was observed between the site of initial surgery and the mortality in our study (p=0.0005).
It has been reported that UARLs performed in unexplained sepsis resistant to medical treatment reduced the mortality. Holzheimer and Gathof have demonstrated that re-laparatomy reduced the mortality rates from 67% to 37.5% in persistent sepsis (21) . However, it is impossible to determine the septic foci in all cases. Determining the septic focus is possible in only 17% of the patients (22) . In our study, UARL was performed on 5 (3.2%) patients due to unexplained resistant sepsis. The mortality rate in this group was 20 %. This rate constituted 2.3 % of the total mortality. A significant relationship has been reported between the number of redo-laparotomies and the mortality in previous studies. It has been reported in the study of Rygachev GP et al. that the mortality rates were significantly higher in multiple re-laparatomies compared to single re-laparatomies (23) . In the study of Koirala R et al. , the mortality rates were reported to be 23.6% in single relaparatomies and 61.2% in multiple re-laparatomies (1).
Rygachev GP et al. have found significant differences between single and multiple redo-laparatomies with regard to mortality rates (23) . The patients may undergo multiple redolaparatomies due to an improper initial redolaparatomy. In our study, the mean number of UARLs in patients with mortality was 1.18±0.58 per patient. The difference between the two groups was statistically significant (p=0.04). The presence of a residual infection, insufficient treatment in the initial UARL, insufficient managing of newly developed complications and reduced patient reserve may be responsible for the high mortality rates. The higher incidence of multi-organ failures in elderly patients supports this finding (24) . Unalp et al. have reported the etiology rather than the number of redolaparotomies as the resposible factor for increased mortality (1).
Postoperative intra-abdominal hemorrhage is an important cause of UARLs. Bleeding may originate from a major vascular structure or a small vascular structure. Intra-abdominal hemorrhage may originate from the edges of the drain, the incision line, or from the upper or lower gastrointestinal system. UARLs may be necessary in large volume bleedings that impair the hemodynamics of the patient. Disseminated intravascular coagulopathy may also develop in delayed bleedings that necessitate recurrent blood transfusions. UARL may also be necessary for these patients (1) . The rate of hemorrhage in abdominal surgeries has generally been reported to be between 0.9 and 4.7% (25) . In another study, the rate of postoperative intra-abominal hemorrhages was reported to be between 3.3 and 19% in patients undergoing UARL (26, 27) . The rate of hemorrhage following abdominal surgical interventions was reported to be 0.1% in the study of Kononov AG et al. The reason for the low rate of intra-abdominal hemorrhage in the study of Kononov AG et al. was related to the early diagnosis and good preoperative preparation of the patients with the risk of bleeding (28) . Rate of UARLs was found to be 1% in our study, since intra-abdominal hemorrhage was observed in all abdominal interventions. This rate is consistent with the findings in the literature. Postoperative intraabdominal hemorrhages were related to improper and insufficient hemostasis in the initial surgery with a rate of 72.2% (28) . In postoperative intra-abdominal hemorrhages, delayed diagnosis-related mortality rate was found to be 18.4 -33.33% (7, 29) . In the study of Koirala R et al., intra-abdominal hemorrhage-related mortality rate was 42.4%. This high mortality rate compared to the findings in the literature was suggested to be due to high-volumed liver and pancreas surgeries (28) . The rate of intra-abdominal hemorrhage related mortality in our study was 9.3 %, and this was compatible with the findings in the literature. One of the important causes of UARLs is postoperative mechanical intestinal obstructions. It has been reported in different series that 5-60% of redolaparatomies were performed due to intestinal obstructions (2) . This rate was 5% in the study of Unalp et al. and 6.7% in the study of Koirala R et al. (1, 2) . Postoperative adhesions are the most important causes of obstructions (30) . Other causes include intra-abdominal sepsis, abdominal dehiscence, previous femoral or other inguinal hernias (31) . The frequency of mechanical intestinal obstructions developing in the early postoperative period is less than 1% (32) . These patients may be recommended surgical decompression, nasogastric decompression or conservative approach (33) . In our study, the rate of UARL due to mechanical intestinal obstruction was 13.5%. This rate was consistent with the findings in the literature. The conservative approach or UARL for mechanical intestinal obstruction is still a debate. There is no consensus on the timing of re-laparatomy either. In the study of Unalp et al., the mean redolaparatomy interval was 4 days, whereas it was 12.7 days in the study of Koirala R et al. (1, 2) . Median interval to first redo-laparatomy was 5 (2,7) days in our study. The longer interval time may be primarily due the surgeons selecting a more conservative approach. The mortality rates in mechanical intestinal obstuction related redo-laparatomies was found to be approximately 10% (34) . The mortality rates in patients undergoing redo-laparatomies due to mechanical intestinal obstructions was found to be as 14.2 % in our study.
Different centers report different causes of mortality following UARLs. In the study of Koirala R et al., the most frequent causes of mortality were sepsis ve multi-organ failure in 64% of the patients. In the study of Oddeke VR, Haluk R and Wain MO, the sepsis and multi-organ failure were reported to be the most frequent cause of mortality as well (1, 22, 31) . Sepsis and multi-organ failure were the most frequent cause of mortality in our study as well, with a rate of 53.4 %. This result was consistent with the findings in the literature. APACHE II reflects the Acute Physiology and Chronic Health situation, and helps evaluate the severity of the disease. There is a relationship between high score and mortality. In the study of Pusajó JF et al. on postoperative intra-abdominal sepsis requiring re-operation, the APACHE II score was found to be significantly higher in the mortality group (3). Hinsdale JG et al. have reported that patients undergoing re-laparatomy due to intra-abdominal sepsis and multi-organ failure demonstrated significantly higher mortality rates (8) . Multi-organ failure was also high in the mortality group in our study. No significant relationship was found between the initial surgery performed under emergency conditions and presence of comormidity, and the mortality in patients undergoing UARL. This finding is consistent with the literature (1,2).
We found a significant correlation between the blood transfusions and mortality in patients undergoing UARL. Blood transfusion may lead to coagulation disorders or DIC. The increased mortality in our study may be directly related to the complications of blood transfusion. On the other hand, it may be related to the acidosis that develope as a result of hemorrhage, and tissue hypoxia. Thus, blood transfusions may be considered as an indirect indicator of a patient whos is in a critical situation.
Study limitations
Although, there are a few limitations in our study, this research was a multi-center study and had rather wide series, more parameters could not be compared since it was a retrospective study. In order to understand the relationship between the surgeries and mortality, it may be necessary to evaluate each surgery separately. Initial UARLs, risk factors in UARLs performed for the second, third and more than three times, and indications at redo-laparotomy may be evaluated separately. While many operations were performed, the decision-making of UARLs may vary among the two centers, even if the same diagnostic tool was used. Factors affecting mortality following UARLs should be further investigated in prospective studies including larger series.
Conclusion
Sepsis and multi-organ failure were the most frequent cause of mortality in our study with a rate of 53.4 %. No significant relationship was observed between mortality and initial surgery under emergency conditions and presence of comorbidity. Redolaparatomies are inevitable in some clinical situations. Since multiple redolaparatomies are associated with mortality, the first redolaparatomy is very important. It is necessary to avoid complications during initial surgery to reduce UARLs and mortality. The surgeon should also make the UARLs decision at the right time.
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